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guard cells without subsidiary cells are characteristic of the 
Orchidales. Rasmussen (1981) reported a hemimesogenous 
type of stomatal development in the species of Orchidoideae, 
while our present observations confirm only the perigenous 
type of stomatal ontogeny of Pant (1965). Therefore, clearly, 
the Orchidaceae predominantly exhibit anomocytic stomata 
although, there is a wide range of variation in the stomatal 
structure and mode of development. Further investigations are 
necessary to reach a clear conclusion as to the epidermal 
characters which may be of taxonomic importance. 
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Fruit development and structure of the two African species of Cassinopsis were examined by light microscopy. 
Both species are characterized by drupes: ovate-oblong, laterally compressed and yellow-orange in C. i/icifolia, 
oblong and black in C. tinifolia. The exocarp is uniseriate and develops solely from the outer epidermis of the 
ovary. A parenchymatous mesocarp with vascular bundles and scattered druse crystals of calcium oxalate is 
derived from the ground tissue of the ovary wall. A uniseriate parenChymatous (C. ilicifolia) (lignified in C. tinifolia) 
endocarp s. str. develops from the inner epidermis of the ovary wall. A lignified stone is derived mainly from the 
inner zone of the mesocarp. The outer surface of the stone is of taxonomic significance, being smooth in C. i/ici-
folia and longitudinally ribbed in C. tinifolia. Differences in fruit structure, combined with other characters, suggest 
that the two African species are not taxonomically closely related. Their generic status requires further compara-
tive stUdy, particularly with species of Cassinopsis in Madagascar. 
Die vrugontwikkeling en vrugstruktuur van die twee Afrika-spesies van Cassinopsis is met behulp van 
ligmikroskopie ondersoek. Beide spesies word gekenmerk deur steenvrugte: ovaal-Iangwerpig, lateraal saamge-
druk en geel-oranje by C. ilicifolia, langwerpig en swart by C. tinifolia. Die eksokarp is uniseriaal en ontwikkel slegs 
uit die buitenste epidermis van die vrugbeginsel wand. 'n Parenchiematiese endokarp s. str. (C. ilicifolia) (gelignifi-
seerd by C. tinifolia) ontstaan vanaf die binneste epidermis van die vrugbeginselwand. 'n Gelignifiseerde steen is 
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hoofsaaklik afkomstig van die binneste sone van die mesokarp. Die buitenste oppervlak van die steen, wat van 
taksonomiese belang is, is glad by C. ilicifolia en in die lengte geriffel by C. tinifolia. Die verskil in vrugstruktuur, 
gekombineer met ander kenmerke, is 'n aanduiding dat die twee Afrika-spesies nie taksonomies naverwant is nie. 
Hul generiese status vereis opvolgende vergelykende studies, veral met spesies van Cassinopsis in Madagascar. 
Keywords: Anatomy, Cassinopsis, fruit, Icacinaceae, pericarp . 
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Introduction 
Cassinopsis Sond. is a mainly tropical/subtropical genus, with 
four species in Madagascar and two in southern Africa. It is 
classified in the Icacineae, a tribe characterized by a tree or 
shrub (seldom climbing) habit and bisexual flowers. The endo-
carp s.l. is smooth or wrinkled inside and the embryo small. 
Vessels contain scalariform perforations and interxylary 
phloem is absent (Sleumer 1942). In southern Africa Cassinop-
sis ranges from the Cape, through the eastern Orange Free 
State, Natal, Transvaal and Swaziland, with a disjunct occur-
rence in Zimbabwe. C. ilicifolia (Hochst.) Kuntze is a 
spreading or scrambling shrub usually associated with Afro-
montane forests. C. tinifolia Harv. occurs as a small tree 
in coastal forests in South Africa, with outlier distributions 
in Swaziland and Zimbabwe (Palmer & Pitman 1973; Mendes 
1963). 
In Africa Cassinopsis fruits are fleshy drupes, suggesting 
animal dispersal, although no such reports exist in the litera-
ture. During the fruiting season (February - March) very few 
fruits are parasitized by insects in C. ilicifolia. Fruits of this 
species are abscised as soon as maturity is reached (Phillips 
1926). Macromorphologically, fruits of the two African species 
of Cassinopsis differ conspicuously. C. ilicifolia produces an 
ovate-oblong, laterally compressed drupe with a smooth, 
yellow-orange peel, whereas C. timfolia bears an elongated, 
cylindrical drupe which ripens to black. 
Fruit morphology of the Icacinaceae has been recorded in 
several descriptive taxonomic accounts, including SIeumer 
(1942; 1976), Perrier de la Bathie (1952) and Villiers (1973). 
However, the study of fruit anatomy and ontogeny for compa-
rative taxonomic purposes has been totally neglected. In fact, 
we could not find any publication on the ontogeny and anato-
mical structure of the fruit of the Icacinaceae (56 genera and 
380 species). This paper reports on the first comparative study 
of the microscopical structure of the peri carp in Cassinopsis. 
The research was aimed at elucidating the structure of the 
pericarp and assessing the taxonomic value of the various fruit 
characters. However, as this is the first detailed anatomical 
study on the fruit of members of the Icacinaceae, a comparison 
with Madagascan Cassinopsis species or any other genus in the 
Icacinaceae is not possible at present. 
Material and Methods 
Fruit structure was studied in the two African species of 
Cassinopsis, both confined to southern Africa, namely Cassinopsis 
ilid/olia (vouchers: Potgieter 69, 94, 96) and C. tinifolia 
(vouchers: Van Wyk 10488, 10496, 10497). Fresh fruits at various 
stages of development were obtained from several natural popula-
tions. Material was either preserved in formalin-acetic acid-alcohol 
(FAA) (Johansen 1940) or fixed in 2% glutaraldehyde in O.IM 
sodium cacodylate buffer at pH .7. Material of this genus was 
studied in detail using light microscopy (LM). Voucher specimens 
were deposited in the H.G.W.l. Schweickerdt Herbarium (PRU). 
Small pieces of preserved/fixed fruit material were dehydrated, 
then infiltrated and embedded in glycol methacrylate (GMA) 
according to standard procedures (Feder & O'Brien 1968). GMA 
sections, 3 - 5 IJ-m thick, were cut on a lung 2045 Multicut 
Rotary Microtome, stained and where appropriate, permanently 
mounted in entellan (Art. 7961, E. Merck, Darmstadt). The 
periodic acid-Schiff's reaction (PAS) was carried out according to 
Feder & O'Brien (1968), using 0.5% dinitrophenyl hydrazine 
. (DNPH) in 15% acetic acid (for 30 min) as a blocking agent. 
Following the PAS reaction, some sections were counterstained 
for 3 min in 0.05% toluidine blue 0 in benzoate buffer at pH 4.4 
(Sidman et ai. 1961). 
Results 
Macromorphologyof the ovary and fruit 
Ovaries of the investigated species of Cassinopsis are sessile, 
pubescent, unilocular, with two pendulous, unequal, partially 
bitegmic ovules (occasionally bilocular, with two ovules/ 
locules in C. ilicifolia) , and a style which is sublateral with a 
simple or obscurely lobed stigma. Fruits of both species are 
drupes, glabrous to very sparsely pubescent with simple, 
unicellular trichomes and a few stomata. The shape varies from 
more or less ovate-oblong (occasionally bilobed in bilocular 
fruit) in C. ilicifolia (Figure lA) to oblong or almost 
cylindrical in C. tinifolia (Figure 2A). Mature fruits of C. 
ilicifolia are slightly laterally compressed and ripen to yellow-
orange; those of C. tinifolia are cylindrical - not laterally 
compressed - and ripen to black. When mature, fruits of C. 
iliclfolia are up to 12 mm long and 10 mm in diameter, where-
as those of C. tinifolia are about 8 mm long and 5 mm in 
diameter. 
Structure of the ovary wall 
An abundance of trichomes and a few stomata occur on the 
uniseriate outer epidermis of the ovary wall (Figures 3A & 
4A). The future mesocarpal zone with actively dividing paren-
chyma cells contains vascular bundles and druse crystals of 
calcium oxalate. The inner epidermis of the ovary wall is 
uniseriate and contains cells with large nuclei. Tanniniferous 
deposits may be present or absent in the outer and inner 
epidermis and ground tissue of the ovary wall. 
Ontogeny and structure of the pericarp 
The exocarp of C assinopsis is uniseriate and develops solely 
from the outer epidermis. Simple, unicellular trichomes are 
sparsely present on the outer epidermis. Stomata occur in the 
exocarp of both the investigated species. 
The mesocarp is parenchymatous and develops from the 
ground tissue of the ovary wall. It consists of two distinct 
areas, namely, an outer and inner zone (Figures 3B & 4B). The 
outer ZOl1Ie has large parenchyma cells and is characterized by 
large vascular bundles, as well as scattered cells containing 
druse crystals of calcium oxalate. An inner zone consisting of 
small actively dividing parenchyma cells constitutes the future 
stone. An endocarp s. str. develops from the inner epidermis of 
the ovary wall. Cells of the young endocarp contain large 
nuclei, and tanniniferous deposits may be present although this 
is not always the case. 
Mature fruit 
The pericarp is clearly differentiated into an exocarp, mesocarp 
and stone, with vascular bundles on the border between the 
outer parenchymatous mesocarp and the lignified stone. The 
stone develops from the inner mesocarpal zone and consists of 
a homogeneous matrix of spheroidal or irregularly shaped 
sclereids with small to large lumens. The lignified stone, 
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Figure 1 Cassinopsis ilicifolia. A. Mature fruit. B. Lateral view of stone. C. Cross-section of stone. Scale bars: 1 mm. 
Figure 2 Cassinopsis tinifolia. A. Mature fruit. B. Lateral view of stone. Scale bars: 1 mm. C. Cross-section of stone. Scale bar: 0.5 mm. 
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Figure 3 Cassinopsis ilicifolia. A. Cross-section of ovary wall. Arrows signify inner epidermis of ovary wall. Scale bar: 50 lUll. 
B. Cross-section of immature peri carp showing outer (a) and inner (b) mesocarpal zones . Arrows signify inner epidermis of fruit wall. 
Scale bar: 100 !-Lm. C. Cross-section of mature pericarp showing smooth stone (s). Scale bar: 100 !-Lm. 
Figure 4 Cassinopsis tinifolia. A. Cross-section of ovary wall. Arrows signify inner epidermis of ovary wall. Scale bar: 50 !-Lm. 
B. Cross-section of immature peri carp showing outer (a) and inner (b) mesocarpal zones. Arrows signify inner epidermis of fruit wall. 
Scale bar: 100 !-Lm. C. Cross-section of mature pericarp showing ribbed stone (s). Scale bar: 100 !-Lm. 
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constituting nearly a third of the mature pericarp, takes on a 
ribbed appearance on the side of the mesocarp in C. tinifolia 
(Figures 2B & 2C). At maturity the vascular bundles of the 
mesophyll are located next to the ridges on the sclerified stone. 
Mesocarpal cells in the grooves of the stone are rich in starch 
(Figure 4C). In C. ilicifolia, the outer surface of the mature 
stone (after removal of the fleshy exo- and mesocarp) is 
smooth (Figures 1 C & 3C) and covered by an anastomosing 
network of vascular bundles (Figure IB). In C. ilicifolia, the 
inner epidermis (endocarp s. str.) and 3 or 4 sub-epidermal 
mesocarpal layers remain parenchymatous and are crushed. In 
C. tinifolia, the lignified endocarp s. str. and 3 or 4 sub-
epidermal layers (consisting of sclereids) stain to a different 
colour than the stone. 
In anyone particular plant of C. ilicifolia the occasional 
bilobed and bilocular fruit is found. The stone surrounding 
these locules is not subdivided into two, but continuous. Two 
ovules are found in each locule, although only one ovule per 
locule reaches maturity. 
Discussion 
The various peri carp zones of the investigated fruit are here 
interpreted sensu stricto (preferable for establishing homolo-
gy). This implies that the exocarp s. str. develops from the 
outer, and the endocarp s. str. from the inner epidermal layers 
of the ovary wall and/or their derivatives. The ground tissue 
(mesophyll) of the ovary wall differentiates to form the meso-
carp. In Cassinopsis the mainly sclerified inner part of the 
mesocarp, together with the endocarp s. str. (uniseriate inner 
epidermis), forms the stone. In terms of a sensu stricto inter-
pretation, the fleshy part of the drupe comprises the exocarp 
and outer mesocarp. 
C. ilicifolia and C. tinifolia have the same fruit type, with 
the occurrence of a drupe (stone fruit) in accordance with the 
general fruit type found in all four tribes of the Icacinaceae. 
Nevertheless, several interspecific differences were . found 
(Table I), the most striking being the occurrence of a ribbed 
stone in C. tinifolia. A literature study has revealed that the 
stone patterns displayed in the Icacinaceae differ considerably 
at the genus as well as the species level. An example of this is 
the ,genus Calatola Standley, where the endocarpal/stone 
patterns differ markedly between species (Sleumer 1942). 
A structure similar to the ribbed stone in C. tinifolia is found 
in the tribe Phytocreneae. In this tribe a few genera (Chlamy-
docarya Baill., Miquelia Meisn., Polycephalium Engl. and 
Pyrenacantha Hook.) exhibit a very similar type of undulating 
stone, the main difference being that the ridges of the stone 
point towards the fruit locule and not in the direction of the 
mesocarp. The distinctive endocarpal patterns displayed in 
Table 1 Morphological differences in mature fruit struc-
ture between the two African species of Cassinopsis 
Taxon 
Character C. ilicifolia C. tinifolia 
Shape Ovate-oblong, Oblong, not laterally 
::': lateral I y compressed; compressed; always 
occasionally bilocular unilocular, bilobed 
and bilobed. fruit not observed. 
Colour of ripe fruit Yellow-orange Black 
Length 10 - 12 mm 7 - 10 mm 
Diameter 7 -10 mm 4 -5 mm 
Sculpture of outer 
stone surface Smooth Longitudinally ribbed 
Inner epidermis and 
3 - 4 sub-epidermal 
layers Not lignified (crushed) Lignified 
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these genera were found to be of major taxonomical impor-
tance (Scott & Barghoorn 1957). 
A rudimentary sketch supplied by Perrier de la Bathie 
(1952) shows Cassinopsis matiagascariensis Baill. as having a 
smooth stone. Not one of a number of descriptions of the other 
three Madagascan species mention the presence of a ribbed 
stone. Such a prominent feature would surely have been no-
ticed, as is the case in C. tinifolia where a ribbed stone has 
been reported numerous times in the literature, e.g. Palmer & 
Pitman (1973), Mendes (1963) and Coates Pal grave (1983). It 
can therefore be deduced that the Madagascan species most 
probably have smooth stones. On the basis of the macromor-
phology of the stone, it seems that C. ilicifolia shows more 
similarity to the Madagascan species than to the African C. 
tinifolia. The presence of a ribbed stone in C. tinifolia suggests 
that this species is probably not closely related to the other 
Cassinopsis species. 
The suggested isolated taxonomic position of C. tinifolia is 
strengthened by a number of other differences from C. ilicifo-
lia, including habit, pollen morphology, ovule structure, and 
leaf anatomy (unpub. obs.). These differences suggest that C. 
ilicifolia and C. tinifolia probably do not share an immediate 
common ancestor. It may even be that these two species do not 
belong to the same genus, or that they should at least be 
classified in different sections. 
The presence of occasionally bilocular fruit in C. ilicifolia, 
which is usually unilocular, can be interpreted as an atavism. 
This might be an indication that C. ilicifolia has been derived 
from an ancestor with bilocular ovaries. The fact that no 
bilobed ovaries and fruit have yet been recorded in C. tinifolia 
is further evidence supporting a rather distant relationship 
between these two African species. 
Using chemical evidence, Auxiliadora et al. (1991) suggest-
ed that Nothapodytes Blume, from south-east Asia, is probably 
the closest relative of Cassinopsis. Both genera belong to the 
tribe Icacineae and produce oblong-ovoid or ellipsoid drupes of 
similar dimensions. Howard (1942) has shown that the endo-
carpal pattern displayed by species of Nothapodytes can be 
used taxonomically. N. foetida (Wight) Sleum. and N. pittospo-
roides (OIiv.) Sleum. both exhibit a rugose type of endocarpal 
pattern, while N. obtusifolia (Merr.) Howard produces a 
smooth stone. Ontogenetic studies on the fruit of Nothapodytes 
may shed further light on the relationship between these two 
genera. 
During the present study we noticed that some plants of C. 
ilicifolia, although producing abundant flowers, set no or very 
few fruits, while others bear many more fruits, despite the fact 
that the plants occur in the same general area and are subjected 
to the same edaphic and climatic conditions. Seemingly normal 
ovules are found in both groups (unpub. obs.). Studies on 
pollen morphology revealed no obvious abnormalities or other 
differences between the groups (unpub. obs.). Further research 
is needed to determine the cause of this phenomenon. An 
exceedingly low percentage of fruit set also occurs in C. 
tinifolia, probably signifying some form of reproductive 
failure. 
Acknowledgements 
We thank Mss E. du Plessis and M. Mossmer for critically 
reading and improving the manuscript. This research was sup-
ported by research grants from the Foundation for Research 
Development and the University of Pretoria. 
References 
AUXILIADORA, M., KAPLAN, C, RIBEIRO, J. & GOTTLIEB, 
o.R. 1991. Chemogeographical evolution of terpenoids in lcacina-
ceae. Phytochem. 30: 2671 - 2676. 
COATES PALGRAVE, K. 1983. Trees of Southern Africa, 2nd. edn. 
C. Struik, Cape Town. 
122 
FEDER, N. & O'BRIEN, T.P. 1968. Plant rnicrotechnique: Some 
principles and new methods. Am. 1. Bot. 55: 123 - 142. 
HOW ARD, RA. 1942. Studies of the Icacinaceae, II. Humiriaruhera , 
Leretia, Mappia and Nothapodytes, valid genera of the Icacina-
ceae. 1. Arrwld Arbor. 23: 55 - 78. 
JOHANSEN, D.E. 1940. Plant microtechnique. McGraw-Hill, New 
York. 
MENDES, EI. 1963. Icacinaceae. In: Rora Zambesiaca, A.W. Exell, 
A. Fernandes & H. Wild (eds), Vol. 2, pp. 340 - 351. Crown 
Agents for Oversea Governments and Administrations, London. 
PALMER, E. & PITMAN, N. 1973. Trees of Southern Africa, Vol. 2. 
A.A. Balkema, Cape Town. 
PERRIER DE LA BATHIE, H. 1952. Icacinaceae. In: Rora de Mada-
gascar et des Comores, H. Humbert (ed.), Vol. 119, pp. 1 - 45. 
Museum National d'Histoire Naturelle, Paris. 
PHILLIPS, 1.F.V. 1926. General biology of the flowers, fruits and 
S.AfLJ.Bot., 1994, 60(2): 122 - 126 
young regeneration of the more important species of the Knysna 
forest. S. Afr. 1. Sci. 23: 366 - 417. 
SCOTT, RA. & BARGHOORN, E.S. 1957. Phytocrene microcarpa 
- a new species of Icacinaceae based on Cretaceous fruit from 
Kreischerville, New York. PaiLleobot. 6: 25 - 28. 
SIDMAN, RL. , MOTTLA, P.A. & FEDER, N. 1961. ImproVed poly-
ester wax embedding for histology. Stain Technol . 36: 279 - 284. 
SLEUMER, H. 1942. Icacinaceae. In: Die natiirlichen Pflanzenfami-
lien, A. Engler & K. Prantl (eds), 2nd. edn, Vol. 20b, pp. 322 -
396. Duncker & Humblot, Berlin. 
SLEUMER, H. 1976. Icacinaceae. In: Rora Malesiana, C.G.G.J. van 
Steenis (ed.), Vol. 7, pp. 1 - 87. Wolters-Noordhoff International 
Publishing, Groningen. 
V ILLIERS , l. -F. 1973. Icacinaceae. In: Rora du Cameroun, A. 
Aubreville & J.-F. Leroy (eds), Vol. 15, pp. 3 - 100. Museum 
National d'Histoire Naturelle, Paris. 
Micropropagation and establishment of Eucalyptus grandis hybrids 
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Three Eucalyptus grandis x E. urophylla clones selected for their rapid growth and desirable pulping qualities were 
successfully multiplied in culture using half strength Murashige & Skoog (1962) medium containing 0.2 mg 1-1 BA 
and 0.01 mg 1-1 NAA. Shoot elongation was achieved using a similar medium containing 0.2 mg 1-1 kinetin and 
adventitious root formation was stimulated using IBA in concentrations varying from 0.1 to 2.0 mg 1-1 • With these 
methods, however, plantlet production tended to be slow and sporadic. The introduction of 1% activated charcoal 
and the omission of plant growth regulators from the medium resulted in both improved elongation and rooting of 
explants. Rooted plantlets were hardened-off and established in the soil. Clonal differences were observed in the 
rooting potential, as well as in the establishment success of the plantlets. 
Drie Eucalyptus grandis x E. urophylla klone, geselekteer vir vinnige groei en pulpwaarde, is suksesvol in vitro 
vermeerder op half sterkte Murashige & Skoog (1962) medium bevattende 0.2 mg 1-1 BA en 0.01 mg ,1 NAA. 
Stingelverlenging is verkry met dieselfde medium wat 0.2 mg 1-1 kinetien bevat het. Adventiewe wortelvorming is 
met IBA konsentrasies tussen 0.1 en 2.0 mg 1-1 gestimuleer. Met hierdie protokol was plant produksie egter stadig 
en sporadies. Die toevoeging van 1 % geaktiveerde houtskool en die weglating van plantgroeireguleerders het 
beide plantverlenging en beworteling van eksplante bevorder. Bewortelde plantjies is suksesvol afgehard en in die 
grond gevestig. Klonale verskille is opgemerk ten opsigte van wortelvormingspotensiaal sowel as suksesvolle 
vestiging van die plantjies. 
Keywords : Eucalyptus grandis hybrids, hardening-off, micropropagation . 
• To whom correspondence should be addressed. 
Introduction 
Eucalyptus species are among the most widely planted forestry 
species, covering more than 4 million hectares in 58 countries 
(Khuspe et al. 1987). These species are also becoming 
increasingly important for timber, pulp and paper production 
(Warrag et al. 1990). Eucalyptus is naturally regenerated by 
seed. Breeding processes, however, are slow, difficult and 
limited by the long regeneration period. Numerous methods of 
vegetative propagation have been attempted, but have often 
resulted in low success rates (Gupta & Mascarenhas 1983). A 
reason for this is that by the time desirable qualities such as 
vigour, high volume production or disease resistance have been 
identified, the selected trees are no longer suitable for use as a 
source of cutting material (Hartney 1980). 
It is well documented that progeny raised from the seed of 
eucalypts vary greatly (Chaturvedi & Venkataraman 1973). In 
the case of hybrids, regeneration success may further be affect-
ed by a low seed production and often by difficulty with the 
rooting of cuttings. To overcome this, alternative methods of 
propagation need to be employed. In a recent review, Le Roux 
& Van Staden (1991) reported the culture of some 57 eucalypt 
species, including E. tore//iana and E. camaldulensis (Gupta et 
al. 1983), E. grandis (Warrag et al. 1987) and E. grandis 
hybrids (Warrag et al. 1990). Mass vegetative propagation 
through tissue culture of superior hybrids offers a potential 
solution to increase forest productivity by exploiting hybrid 
vigour and provides an aid for future genetic manipulation. 
In South Africa, the most suitable areas have already been 
planted with the fastest growing species, E. grandis. Cold-
tolerant species and hybrids are therefore required for the 
remaining marginal areas. The main objective of this study was 
to develop an efficient mass micropropagation cloning system 
